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What is clHimftri is* 

1. A semiconductor device having at Iftast a solder bump formed 
of alloy solder on an under-bump layer including first metal formed on a 
wiring layer, comprising- 

an infcermetallic compound including metal that is a main 
component of the alloy aolder and second metal different fi'om the metal 
that is the main component of the alloy solder, wherein the intermetallic 
compound is formed between the solder bump and the xuider-bump layer. 

2. A semiconductor device having at least a solder bump formed 
of alloy solder on an under-bump layer including first metal formed on a 
wiring layer, comprising: 

an alloy layer composed of a combination of an intermetallic 
compound of metal that is a main component of the alloy solder and second 
metal different from the metal that is the main component of the alloy 
solder, and an iatermetalUc cqmpotmd^of Lhe Iir«t metal included in the 
under-bump layer and the me tal th at is the main component of the alloy 
solder, wherein the alloy layer is formed between the solder bump and the 
under-bump layer. 

3. A semiconductor device having at least a solder bump formed 
of alloy solder oil an under-bump layer including iirst metal formed on a 
wiring layer, comprising- 

an intermetallic compound formed between the solder bump 
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and the under^bump Inyer, wherein the intermetaUic compound includes: 

second metal constituting a metal layer that is temporarily arranged 

on the under bump layer and its then dissolved into the alloy solder on 

formation of the solder bump>* and 

metal that is a main component of the alloy solder. 

4. A semiconductor device having at least a solder bimip formed 
of alloy solder on an under- bump layer including first metal formed on a 
wiring layer, comprising^ 

an alloy layer formed between the solder bump and the . 
under-bump layer, wherein the alloy layer is composed of a combination of 

an intermetalUc compound composed of second metal constituting a 
metal layer that is temporarily arranged on the under*bump layer and is 
then dissolved into the alloy solder on formation of the solder bump, and 
metal that is a main component of the alloy .solder; and 

an intermetalHc compound of the first metal included in the 
under-bump layer and the metal that is the main component of the alloy 
solder. 

. 5. The semiconductor device according to claim 1, wherein the 
metal that is the main component of the alloy solder is tin. 

6. The semiconductor device according to claim 2, wherein the 
metal that is the main component of the alloy solder is tin. 

7. The semiconductor device nncnrdin^ to claim 3, wherein the 
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TTiRtal thflt 18 the main component of the alloy solder Is tin. 

8- The semiconductor device according to claim 4, wherein the 
metal that is the main component of the alloy solder is tin. 

9. The semiconductor device according to claim 5, wherein 
metal that is a second main component of the alloy solder after the tin is 
silver. 

10. The semiconductor device according to claim 6, wherein 
metal that is a second main component of the alloy solder after the tin is 
silver. 

11. The semiconductor device according to claim 7, wherein 
metal that is a second main component of the alloy solder after the tin is 
silver. 

12. The suiuicoiiducLor device accordinfe; to claim 8, wherein 
metal that is a second main component of the alloy solder after the tin is 
silver. 

13. The semiconductor device of claim 5, wherein copper is 
added to the alloy solder. 

14. The semiconductor device of claim 6, wherein copper is 
added to the alloy soldwr. 
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15. The semiconductor device of claim 7, wherein cupper is 
added to the alloy solder. 

16. The semiconductor device of claim 8, wherein copper iiy 
added to the alloy solder. 

17. The semiconductor device of claim 9, wherein copper is 
added to the alloy colder. 

18. The semiconductor device of claim 10, wherein copper is 
added to the alloy solder. 

19. The semiconductor device of claim 11, wherein copper is 
added to the alloy solder. 

20. The semiconductor device of claim 12. wherein copper is 
addtid to thf^ alloy .solder. 

21. The semiconductor device according to claim 1, wherein the 
second metal is a metal which is different ft-om the first metal and is 

15 allowed to form an intermetaliic compound with tin. 

22. The semiconductor device according to claim 21, wherein the 
second metal is copper. 



b'Q5-57C • 40 - 

23. The semiconductor device according to claim 2, wherein the 
second metal is a metal which is different from the first metal and is 
allowed to form an intermetallic compound with tin. 

24. The semiconductor device according to claim 23, wherein bhe 
second metal is copper, 

25. The semiconductor device according to claim 3, wherein the 
second metal is a metal which is different from the first metal and is 
allowed to form an intermetallic compound with tin. 

26. The semiconductor device according to claim 25, wherein the 
second metal is copper. 

27. The semiconductor device according to claim 4, wherein the 
second metal is a metal which is different from the first metal and is 
allowed to form an intermetallic compound with tin. 

28. The semiconductor device according to claim 27, wherein the 
second metal is copper. 

29. The semiconductor device according to claim 1, wherein the 
first metal included in the under-bump layer includes nickel. 

30. The semiconductor device according to claim 29, wherein the 
imdei-bxunp layer is a laminated film formed from one of nickel and nickel 
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alloy with different film qxiaiities. 

31. The semiconductor device according to claim 29, wherein the 
under-buTTip layer is a laminated film formed from one of nickel and nickel 
alloy and one of copper and copper alloy. 

32. The semiconductor device Hccording to clainn 30, wherein the 
nickel alloy includes one fiele<:ted from a group consisting of 
nickel/vanadium alloy, nickel/phosphorous alloy and nickel titanium alloy. 

33. The semiconductor devic:e according to claim 31, wherein the 
nickel alloy includes one selected from a group consisting of 
nickel/vanadium alloy, nickel/phosphorous alloy and nickel titanium alloy. 

34. The semiconductor device according to claim 2, wherein the 
first metal included in the under-bump layer includes nickel. 

35. The semiconductor device according to claim 34, wherein the 
under-bump layer is a laminated film formed from one of nickel and nickel 
alloy with different film qualities. 

36. The semiconductor device according to claim 34, wherein the 
under-bump layer is a laminated film formed firom one of nickel and nickel 
alloy and one of copper and copper alloy. 

37. The semiconductor device according to claim 35, wherein the 
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nickel alloy Includes one selected from a group consisting of 
nickel/vanadium alloy, nickel/phosphorous alloy and nickel titanium alloy. 

38. The sftmicionductor device according to claim 36, wherein the 
nickel alloy includes one selected from a group consisting of 
nickel/vanadium alloy, nickel/phosphorous alloy and nickel titanium alloy. 

39. The semiconductor device according to claim 3, wherein the 
fii'st metal included in the under- bump layer includes nickel. 

40. The semiconductor device according to claim 39, wherein the 
under'bump layer is a laminated film formed from one of nickel and nickel 
alloy with different film qualities. 

d\. The semiconductor device according to claim 39, wherein the 
under-bump layer is a laminated film formed from one of nickel and nickel 
alloy and one of copper and copper alloy. 

42, The semiconductor device accordinf:^ to claim 40, whsrein the 
nickel alloy includes one selected from a group consisting of 
nickel/vanadium alloy, nickel/phosphorous alloy and nickel liLauium alloy. 

43. The semiconductor device according to claim 41, wherein the 
nickel aUoy includes one selected from a gi-oup consisting of 
nickcL/vanadium alloy, nickel/phosphorous alloy and nickel titanium alloy. 
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44. The semiconductor device according; to claim 4, wherein the 
first metal included in the under-bump layer includes nickel. 

45. The sfimirnnductnr device according to claim 44, wherein the 
under-bump layer is a laminated film formed from one of nickel and nickel 
alloy with different film qualities. 

46. The semiconductor device according to claim 44, wherein the 
undcr-bump layer is a laminated film formed from one of nickel and nickel 
alloy and one of copper and copper alloy. 

47. The semiconductor device according to claim 45, wherein the 
nickel alloy includes one selected from a group consisting of 
nickel/vanadium alloy, nickel/phosphorous alloy and nickel titanium alloy. 

48. The semiconductor device according to claim 46, wherein the 
nickel alloy includes one selected from a group consisting of 
nickel/vanadium alloy nickel/phosphorous alloy and nickel titanium alloy. 

49. The semiconductor device according to claim 1, wherein a 
contact layer is provided between the wiving layer and the under-bump 
layer. 

50. The semiconductor device of claim 40, wherein the contact 
layer includes one of titanium and titanium/tungsten alloy. 
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51. The semiconductor device accordinft to claim 2, wherein a 
contact layer ifi provided between the wiring layer and the under-bump 
layer. 



52. The semiconductor device of claim 51, wherein the contact 
5 layer includes one of titanium and titanium/tungsten alloy. 



53. The semiconductor device according to claim 3, wherein a 
C contact layer is provided between the wiring layer and the under-bump 
layer. 

y.'ss 

iu 
[9. 

f U 54. The semiconductor device of claim 53, wherein the contact 

10 layer includes one of titanium and titanium/tungsten aUoy. 

g 55 The semiconductor device according to claim 4» wherein a 

!;3 ctmtact layer is provided between the wiring layer and the under*bump 

jy 

layer. 



56. The semiconductor device of claim 55, wherein the contact 
1 5 layer includes one of titanium and titanium/tungsten alloy. 




57. A method for manufacturing a semiconductor device 



comprising at least a solder bump of alloy solder formed on a wiring layer 
vita an under'bump layer including first metal, comprising the steps of 

fusing alloy solder having second metal different from main 
20 component metal of the solder bump added thereto; and 



FQ5-576 



■45- 



cooling the fused alloy solder to deposit an intermetallic 
compound including the second metal and the main component metal of the 
alloy solder at an interface between the undcr-bump layer and the solder 
bump. 

58. A method for manufacturing a semiconductor device, 
comprising the steps of^ 

forming, on a wiring layer, an under-hump layer including 
first metal which is to form a first intermetallic compound at an interface 
Lhroujjh rea(±inn with alloy solder; 

supplying alloy solder having second metal different from 
main component metal added thereto; and 

forming an alloy layer at an interface between the. 
undcr-bump layer and the alloy solder by temporary fusing the alloy solder 
before cooling, wherein the alloy layer is a combination of the first 
intermetallic compound and a second intermetalHc compound of the main 
component metal of the alloy solder and the second metal. 

59. A method for manufacturing a semiconductor device with at 
least a solder bump made of alloy solder formed on a wiring layer via an 
under-bump layer including first metal, comprising the steps of^ 

forming a metal layer of second metal on the under-hump 

layer; and 

when forming the solder bump, fusing the entitle metal layer 
into the alloy solder and then cooiinK it to deposit an intermetallic 
compound including the second metal and the main component metal of the 
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alloy solder at an interface between the nnder-bump layer and the solder 
humx). 

60. A ^»ei7iicond\ictor device manufacturing method, comprising 
the steps of- 

forming, on a wiring layer, an undcr-bump layer, including 
first metal which is to form a first intHrm«talIic cnmpound at an interface 
through reaction with aUoy solder; 

forming a metal layer made of second metal which is to form 
a second intermetallic compound through reaction with the. alloy solder; 

supplying the alloy BolderJ and 

forming an alloy layer at an interface between the 
under-bump layer and the alloy solder by cooling after temporary fusing of 
the alloy solder, wherein the alloy layer is a combination of the firj^t 
intermetallic compound and the second intermetallic compound. 

61. The semiconductor device manufacturing method according 
to claim 59, wherein an oxidation prevention film made of gold is further 
thinly formed on the metal layer. 

G2. The semiconductor device manufacLuriiig method according 
to claim 60, wherein an oxidation prevention film made of gold is further 
thinly formed on the metal layer. 

63. A semiconductor device manufacturing method, comprising 
th tt Ht^ps of^ 
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forming, on a wiring layer, an under"bump layer including 
first metal which is to form a first intermctallic compound at an interface 
through reaction with alloy solder; 

forming a met^l layer made of second metal which is to form 
a second intermetallic compound through reaction with the alloy solder >* 

forming a thin film of tin on the motal layer and forming an 
alloy layer of the second metal and the tin; and 

supplying the alloy solder. 

64. The semiconductor device manufacturing method according 
to claim 57, further comprising the step of, before forming the undcr-bump 
layer on the wirinjj layer, forming a contact layer for maintaining adhesion 
of the wiring layer and the under-bump layer 

65. The semiconductor device manufacturing method according 
to claim 58, further comprising the step of, before forming the under-bump 
layer on the wiring layer, forming a contact layer for maintaining adhesion 
of the wiring layer and the under'bump layer. 

66. The semiconductor device manufacturing method according 
to claim 59, further comprising the step of, before forming the imder-bump 
layer on the wiiing layer, forming a contact layer for maintaining adhesion 
of the wiring layer and the imder-bump layer. 

67. The semiconductor device manufacturing method according 
to claim 60, further comprising the step of, before forming the under-bump 
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layer on the wiring layer, forming a contact layer for maintaining adhesion 
of Lhe wiring layer and the under-bump layer. 

68. ThR s«mimnductor device mamifactiiring method according 
to claim 63, further comprising the Atep of, before forming the under-bump 
layer on the wiring layer, forming a contact layer for maintaining adhesion 
of the wiring layer and the under-bump layer. 

69. The semiconductor device manufacturing method according 
to claim 57, wherein, when forming the solder bump, fusing of the nlloy 
solder and deposition of the intermctaliic compound are carried out by 
setting a temperature of an interface of the solder bump with the 
under-bump layer to lower than a temperature at the top of the solder bump 
on a specified temperature gradient. 

70. The semiconductor device manufacturing method according 
to claim 58» wherein, when forming the solder bump, fusing of the alloy 
Buldcr and deposition of the intermetallic compound are carried out by 
wetting a temperatui'G of an interface of the solder bump with the 
under-bump layer to lower than a temperature at the top of the solder bump 
on a specified temperattii-e gradient. 

71. The semiccmductor device manufacturing method according 
to claim 59, wherein, when forming the solder bump, fusing of the fiUoy 
solder and deposition of the intermetallic compound are carried out by 
setting a temperature of an interface of the solder biunp with the 
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undftr-bump layer to lower than a temperature at the top of the solder bump 
on a specified temperature gradient. 

72. The semiconductor dBvicB mHnufnctunng method according 
to claim 60, wherein, when forming the solder bump, fusing of the alloy 
solder and deposition of the intermetallic compound are carried out by 
setting a temperature of an interface of the solder bump with the 
under-bump layer to lower than a temperature at the top of the solder bump 
on a specified temperat\ire gradient. 

73. The semiconductor device manufacturing method according 
to claim 63, wherein, when forming the solder bump, fusing of the alloy 
solder and deposition of the intermetallic compound are carried out by 
setting a temperature of an interface of the solder bump with the 
undcr-bump layer to lower than a temperature at the top of the solder bump 
on a specified temperature gradient. 

74. The semiconductor device manufacturing method according 
to claim 57, wherein, wlien forming the solder bump, fusing of the alloy 
solder and deposition of the intermetallic compound arc carried out by 
mounting the semiconductor device on a stage and causing a heating plate 
and a cooling plate movably provided at a lower part of the stage to be 
seqxientially brought into contact with the stage. 



75. The semiconductor device manufacturing method according 
to chiim 58, whernin, when forming the solder bump, fusing of the alloy 
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Kolrler and deposition of the intermetallic compound are carried out by 
mounting the semiconductijr device on a stage and causing a heating plaLe 
and a cooling plate movably provided at a lower part of the stage to be 
sequentially brought into contact with the stagR. 

76. The semiconductor device manufacturing method according 
to claim 59, wherein, when forming the solder bump, fusing of the alloy 
solder and deposition of the intermetallic compound arft carried out by 
mounting the semiconductor device on a stage and causing a heating plate 
and a coohng plate movably provided at a lower part of the stage to he 
sequentially brought into contact with the stage. 

77. The semiconductor device manufacturing method according 
to claim 60, wherein, when forming the solder bump, fusing of the alloy 
solder and deposition of the intermetallic compound are carried out by 
mounting the semiconductor device on a stage and causing a heating plate 
and a cooling plate movably provided at a lower part of the stage to be 
sequentially brought into contact with the stage. 

78. The semiconductor device manufacturing method according 
to claim 63, wherein, when forming the solder bump, fusing of the alloy 
solder and deposition of the intermetallic compoxmd are carried out by 
mounting the semiconductor device on a stage and causing a heating plate 
and a cooling plate movably provided at a lower part of the stage to be 
sequentially brought into contact with the stage. 



p 
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TS. The semiconductor device manufacturing method according 
to claim 74, wherein, at the time of heating using the heating philH, the 
semiconductor device is also heated from above by a non-contact heater 
provided at an upper part of the semiconductor device, and at the time of 
cooling i\sing the cooling plate, while continuing heating using the 
non-contact heater, a temperature gradient between the tup of solder bump 
rand the interfnce of the solder bump with the xmder bump layer is increased 
to promote deposition to the interface of the intcrmctallic compound with 
the under-bump layer. 



llO; 80; The semiconductor device manufacturing method according 

i y to claim 75, wherein, at the time of heating using the heating plate, the 
semiconductor device is also heated from above by a non-contact heater 
|:=& provided at an upper part of the semiconductor device, and at the time of 
I g coohng using the cooling plate, while continuing heating using the 

i^, non-contact heater, a temperature gi'adient between the top of solder bump 

! y 

and the interface of the solder bump with the under-bump layer is increased 
to promote deposition to the interface of the intermetallic compound with 
the under- bximp layer. 

81. The scmicumluctor devictj munufacLuring method according 
20 to claim 76, wherein, at the time of heating using the heating plate, the 
semiconductor device is also heated from above by a non-contact heater 
provided at an upper part of the semiconductor device, and at the time of 
cooling using the cooling plate, while continuing heating using the 
non-contact heater, a temperature gradient between the top of solder bump 



# 



FQ5-576 • 52 • 

and the interface of the solder bump with the under-hump layer is increased 
to promote depo^iition to the interface of the intermetallic compound with 
the under*bump layer. 

82. The semiconductor device manufacti.iring method according 
to claim 77, wherein, at the time of heating usingr the heating plate, the 
semiconductor device is also heated from above by a non-contact heflter 
provided at an upper part of the semiconductor device, and at the time of 
cooling using the cooling plate, while continuinjf heating using the 
nonxoutact heater, a temperature gradient between the top of solder hui-np 
and the interface of the solder bump with the under-bump lnyer is increased 
to promote deposition to the interface of the intermetallic compound with 
the under-burap layer. 

83. The semiconductor device manufacturing method according 
to claim 78, wherein, at the time of heating using the heating plate, the 
semiconductor device is also heated from above by a non-contact heater 
provided at nn upper part of the semiconductor device, and at the time of 
cooling using the cooling plate, while continuing heating using the 
non-contact heater, a temperature gradient between the top of solder bump 
and the interface of the solder bump with the under-bump layer is iucrua.acd 
to promote deposition to the interface of the intermetallic compcmnd with 
the under-bump layer. 

84. The semiconductor device manufacturing method according 
tn claim wherein cooling using the cooling plate is carried out at cooling 
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rate of at least 2"C per second. 

85. The semiconductor device manufacturing method according 
to cilaim 75, wherein cooling using the cooling plate is carried out at cooling 
rate of at least 2^^ per second. 

5 86. The semiconductor devic:e Tnanufacturing method according 

to claim 76, wherein cooling using the cooling plate is carried out at cooling 
H rate of at least 2X^ per second. 

|;H 87. The semiconductor device manufacturing method according 

lH 

! y to claim 77, wherein cooling using the cooling plate is carried out at cooling 
10 rate of at least 2X/ per second, 

i;3 

i 5 

!.p 88. The semiconductor device manufacturing method according 

o 

j^ri to claim 78. wherein cooling using the cooling plate is carried out at cooling 

I ^ 

rate of at least per second. 

89. The semiconductor device manufacturing method according 
15 to claim 74, wherein the heating using the heating plate and the cooling 
using the cooling plate are carried out under a vacuum almobphert^ of a 
specified gas. 



20 



90. The semiconductor device maiiufacturing method according 
to claim 75, wherein the heating using the heating plate and the cooling 
using the cooling plate are carried out tmder a vacuum atmosphere of a 
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spediied gas. 

91. The semiconductor device manufacturing method according 
to claim 76» wherein the heating using the heating platft wnd the cooling 
using the cooling plate arc carried out under a vacuum atmosphere of a 
specified gas. 

92. The semiconductor device manufacturing method according 
to claim 77, wherein the heating using the heating plate and the cooling 
using the cooling plate are carried out under a vacuum atmosphere of a 
specified gas. 

93. The semiconductor device manufacturing method according 
to claim 78, wherein the heating using the heating plate and the cooling 
using fch^ cooling plate are carried out under a vacuum atmosphere of a 
specified gas. 

94. The semiconductor device manufacturing method according 
to claim 89, wherein the specified gas includes one of an inert gas and a 
reductive gas. 

95. The semiconductor device manufacturing method according 
to claim 90, wherwin the specified gas includes one of an inert gas and a 
reductive gas. 



96. 



The semiconductor device mHnufacturing niethod according 
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to claim 91, wherein th« KpBcifiBd f^as includes one of fin inert gas and a 
reductive gat}. 

97. The semiconductor device manufacturing method according 
to claim 92, wherein the specified gas includes one of an inert gas and a 
reductive gas. 

98. The semiconductor device manufacturing method according 
to claim 93, wherein the specified gas includes one of an inert gas and a 
reductive gas. 

99. The semiconductor device manufacturing method according 
to claim 94, wherein the inert gas comprises one of nitrogen and argon, and 
the reductive gas c:omprises one of hydrogen and a mixed gas including 
hydrogen. 

100. The semiconductor device manufacturing method according 
to claim 95, whei*ei\i the inert gas comprises one of nitrogen and argon, Mnd 
the reductive gas comprises one of hydrogen and a mijced gas inckiding 
hydrogen. 

101. The semiconductor device manufacturing method according 
to claim 90, wherHin the inert gas comprises one of nitrogen and argon, and 
the reductive gas comprises one of hydrogen and a mixed gas including 
hydrogen. 
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102. The semiconductor device manufacturing method according 
to claim 97, wherein the inert gas comprises one of nitrogen rind argon, and 
the reductive gas comprises one of hydrogen and a mixed gaa including 
hydro^^en. 

103. ThB semiconductor device manufacturing method according 
to claim 98, wherein the inert gas comprises one of nitrogen and argon, and 
the reductive gas comprises one of hydrogen and a mixed gas including 
hydrogen. 

104. The semiconductor device manufacturing method ao<:ording 
to claim 57, wherein the under-bump layer is formed from one of a single 
film and a laminate of a plurality of films made of one selected from a group 
consisting of nickel, nickel alloy, copper and copper alloy which are formed 
by sputtering, 

105. The semiconductor device manufacturing method according 
Lo claim 58, wherein the xuider'bump layer is formed from one of a single 
film and a laminate of a plurality of films made of one selected from a group 
consisting of nickel, nickel alloy, copper and copper alloy which are formed 
by MP uttering. 

106. The semiconductor device manufacturing method according 
to claim 59, wherein the uiidcr-bump layer is formed from one of a sixigle 
film and a laminate of a plurality of films made of one selected from a group 
consisting of nickel, nickel alloy, copper and copper alloy which are formed 
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by sputtering. 

107. The semiconductor device manufacturing method accordinf^ 
to cilaiTn fiO, wherein the under-burap layer is formed from one of a single 
film and a laminate of a plurality of films made of one selected from a gi*oup 
consisting of nickel, nickel alloy, copper and copper alloy which are formed 
by sputtering. 

108. The semiconductor device manufacturing method according 
to claim 63, wherein the imder-bump layer is formed from one of a single 
film and a laminate of a plurality of films made of one selected from a group 
consisting of nickel, nickel alloy, copper and copper alloy which are formed 
by sputtering. 

109. The semiconductor device manufacturing method according 
to claim 57, wherein the under-bump layer is formed from one of a single 
film rind a laminate of a plurality of films made of one selected from a group 
consisting of nickel, nickel alloy, copper and copper alloy which are formed 
by one of nonclectrolytic plating and electrolytic plating. 

110. The semiconductor device manufacturing method according 
to claim 58, wherein the under-bump layer is formed from one of a single 
film and a laminate of a plurality of films made of one selected fi*om a group 
consisting of nickel, nickel alloy, copper and copper alloy which arc formed 
by one of nonelectrolytic plating and electrolytic plating. 



FQ5-576 



- 58 • 



111. The semiconductor device manufacturing method according 
to claim 59, wherein the under'bump layer is formed from one of a single 
film and a laminate of a plurality of films made of one selected from a group 
consisting of nickel, nickel alloy, copper and copper alloy which are formed 
by one of nonclcctrolytic plating and electrolytic plating. 

112. The semiconductor device manufacturing method according 
to claim 60, wherein the under-bump layer ift formed from one of a single 
film and a laminate of a plurality of films made of one selected firom a group 
consisting of nickel, nickel alloy, copper and copper alloy which are formed 
by one of nonclcctrolytic plating and electrolytic plating. 

113. The semiconductor device manufacturing m<?thod according 
to claim 63, wherein the under-bump layer is formed fi-om one of a single 
film and a laminate of a plurality of films made of one selected from a group 
consisting of nickel, nickel alloy, copper and copper alloy which are formed 
by one of nonelectrolytic plating and electrolytic plating. 

114. The semiconductor device manufacturing method according 
to claim 57, wherein the under-bump layer is formed as a laminate film of a 
film made of one selected from a group consisting of nickel, nickel aUoy, 
copper and copper alloy which are formed by the spattering and a film made 
of one selected from a group consisting of nickel, nickel alloy, copper and 
copper alloy which arc formed by one of nonelectrolytic plating and 
electrolytic plating. 
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llf>. The HHiniconductor d«vi(:e manufacturing method according 
to claim 58, wherein the under-bump layer is formed as a laminate film of a 
film made of one selected from a group cont>i»tin{j of nickel, nickel alloy, 
copper and copper alloy which are formed by the spattering and a film made 
5 of one selected from a group consiyting of nickel, nickel alloy, copper and 
copper alloy which are formed by one of nonelectroljrtic plating and 
electrolytic plating. 

IIG. The semiconductor device manufacturing method according 
P to claim 59, wherein the under bump layer is formed a$ a laminate film of a 

lOJ film made of one selected from a group conwsisting of nickel, nickel alloy 

fU 

j U copper and copper alloy which are formed by the spattering and a film made 

i.n 

!* of one selected &*om a group consisting of nickel, nickel alloy, copper and 

j T copper alloy which are formed by one of nonelectrolytic plating and 

1'^ electrolytic plating. 

::p 
-:s™. 

jy 

15 117. The semiconductor device manufacturing method according 

to claixn 60, wherein the under-bump layer is formed as a laminate film of a 
.film made of one selected firom a group consisting of nickel, nickel alloy, 
copper and copper alloy which are formed hy the spattering and a film made 
of one selected from a group consisting of nickel, nickel alloy copper and 

20 copper alloy which are formed hy oiie of nonelectrolytic plating and 
elwctro lytic plating. 

118. The semiconductor device manufacturing method according 
to claim 63, wherein the under-bump layer is formed as a laminate film of a 
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fUm matltt of one swlBctfid froTn a groiip consisting of nickel, nickel alloy, 
copper and copper alloy which arc formed by the spattering and a film madt? 
of one selected from a group consisting of nickel, nickel alloy, copper and 
copper alloy which are formed by one of nonelectrolytic; plating and 
electrolytic plating. 

119. The semiconductor device manufacturing method according 
to claim 59, wherein the raetwl layer includes a copper thin film formed by at 
leaet one of sputtering, nonelectrolytic plating, and electrolytic plating. 

120. The semiconductor device manufacturing method according 
to claim 60, wherein the metal layer includes a copper thin film formed by at 
least one of sputtering, nonelectrolytic plating, and electrolytic plating. 

121. The semiconductor device manufacturing method according 
to claim 63, wherein the metal layer includes a copper thin film formed by at 
least one of sputtering, nonelectrolytic plating, and electrolytic plating. 

122. The semiconductor device manufacturing method according 
to claim 119, wherein a film thickness of the metal layer is set so that the 
metal layer fuses totally into the alloy solder when fusing the alloy solder, 
and, when cooling the alloy solder, at least some of metal of the metal layer 
is deposited from the alloy solder. 

123. The semiconductor device manufacturing method according 
to claim 120, wherein a film thickne.?? of the metal layer is set so that the 
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metal layer fuHH« totally int^) the nlloy solder when fiislng the alloy solder, 
and, when cooling the alloy solder^ at least some of metal of the metal layer 
is deposited from the alloy solder. 

124. The semiconductor device manvifacturing method according 
to claim 121, wherein a film thickness of the metal layer is set so that the 
metal layer fuses totally into the alloy fisolder when fusing the alloy solder, 
and, when cooling the alloy Holder, at least some of metal of the metal layer 
is deposited from the alloy solder. 

125. The semiconductor device manufacturing method according 
Uj claim 57, wherein the alloy solder is supplied as one of a ball and pellet 
formed to a specified amount. 

126. The semiconductor device manufacturing method according 
to claim 58, wherein the alloy solder is supplied as one of a ball and pellet 
formed to a specified amount. 

127. The semiconductor device manufacturing method according 
to claim 59, wherein the alloy solder is supplied as one of a ball and pellet 
formed Lo a sj)ecified amount. 

128. The .semiconductor device manufacturing method according 
to claim 60, wherein the alloy .colder in jf>uppUed as one of a ball and pellet 
formed to a specified amount. 
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129. The semiconductor device manufacturing method according 
to claim 63, wherein the alloy solder is supplied as one of a ball and pellet 
formed to a specified amount. 

130. The semiconductor device manufacturing method according 
to claim 57, wherein the alloy solder is supplied as solder paste. 

131. The semiconductor device manufacturing method according 
to claim 58, wherein the alloy solder is supplied as solder paste. 

132. The semiconductor device mantifacturing method a:ccording 
to claim 59, wherein the alloy solder is supplied as solder paste. 

133. The semiconductor device manufacturing method according 
to claim 60, wherein the alloy solder is supplied as solder paste. 

134. The semiconductor device manufacturing method according 
to claim 63, wherein the alloy solder is supplied as solder pusLu. 

135. The semiconductor device manufacturing method according 
to claim 57, wherein the main component of the alloy solder is tin. 

1 SB. The semiconductor device manufacturing method according 
to claim 58. wherein the main component of the alloy solder is tin. 

137. The semiconductor d«vic« manufacturing method according 
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to claim 59, wherein the main component of the alloy solder is tin. 

138. The semiconductor device manxxfacturing method according 
to claim 60, wherein the mnin component of th« ulloy snider is tin. 

139. The semiconductor device manufacturing method according 
to claim 63, wherein the main component of the alloy solder is tin. 

140. The semiconductor device manufacturing method according 
to claim 135, wherein a second main component of the alloy solder after tin 
is silver. 

141. The semiconductor device manufacturing method according 
to claim 136, wherein a second main component of the alloy solder after tin 
is silver. 

142. The semiconductor device manufacturing method according 
Lo daim 137, wherBin a seciond main component of the alloy colder after tin 
is silver. 

143. The semiconductor device manufacturing method according 
to claim 138, wherein a second main component of the alloy solder after tin is 
silver. 

144. The semiconductor device manufacturing method according 
to r.laim 139, whei-ein a second main component of the alloy solder after tin 
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is silver. 

145. The semiconductor device manufacturing method according 
to claim 135, wherein copper is added to the alloy solder. 

146. The semiconductor device manufacturing method according 
5 to claim 136, wherein copper is added to the alloy solder. 

147. The semiconductor device manufacturing method according 
to claim 137, wherein copper is added to the alloy solder. 

148. The st:mic(mducifeor device manufacturing method according 
to claiml38, wherein copper is added to the alloy solder, 

149. The semiconductor device manufacturing method according 
to claim 139, wherein copper is added to the alloy solder. 



150. A semiconductor manufacturing apparatus comprising* 
a stage for mounting a sample; 
a heating section for heating the sample; and 
a cooling section for cooling the sample from below. 

151. The semiconductor mrjnufrjcturing ripprirrjtus according to 
claim 150, wherein the sample is a semiconductor device having solder. 

152. The semiconductor manufactming apparatus according to 
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claim 150, wherein the heating section comprises a heatin^j plate with a 
built-in heater, the cooling section conipride«» a cooling plate with a biiilt in 
cooling mediuin, wherein heating and cooling arc carried out by sequentially 
bringing the heating plate and the cooling plate into contact with a lower 
surface of the stage to conduct heat. 

153. The semiconductor manufacturing apparatus according to 
claim 150, wherein at least one of the heating section and the cooling section 
is built-in to the stage. 

. 1 54. The semiconductor manufacturing apparatus according to 
claim 150, further comprivsing'. 

s non-contact heating section provided at an upper part of 
the stage, for heating the sample from above without contact. 

155. The semiconductor manufacturing apparatus according to 
claim 151, ftu'ther comprising' 

a non-contact heating section provided at an upper part of 
the Ktage, for heating the semiconductor device from above without contact. 

156. The semiconductor manufacturing apparatus according to 
claim 154, further comprising- 

a temperature sensor for m«risuring a temperature of the 
stage and a surface of the sample, and 

a controller for independently controlling the cooling section 
and the non-contact heating section by reference to an output from the 
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temperature sensor s^o that a temperature gradient of an upper surface and 
a lower surface of the sample becomes a specified value. 



157. The semiconductor manufactiuring apparatus according to 
claim 155, further comprising^ 

a temperature sensor for measuring a temperature of the 
stage and a surface of the Hemiconductor device, and 

a controller for independently controlling the cooling section 
and the non-contact heating section by reference to an output from the 
temperature sensor so that a temperature ^adient of an upper surface and 
a lower surface of the semiconductor device becomes a specified value. 



158. An electrode structure comprising' 
an \mdor-bump layer; 
a solder bump; and 

an intermetallic compound formed between the iinder-bump 
layer and the solder bump. 



